To assess the impact of intervention on antibiotic misuse in children, parents' and pediatricians' knowledge, attitudes, and practices (KAP) concerning antibiotic use were evaluated pre-and postintervention in Larnaca (Cyprus) and Limassol (Cyprus). Concurrently, pediatricians documented upper respiratory tract infection (URTI) visits and pharmacists provided antibiotic consumption data. Intervention was implemented for parents and pediatricians residing in Larnaca. The consumption/URTI incidence index was significantly reduced in Larnaca but not in Limassol. Parental responses to a KAP questionnaire remained unchanged; therefore, antibiotic consumption reduction is attributable to pediatricians' education.
A
ntibiotics are often administered to children with viral upper respiratory tract infections (URTIs) (8, 12) . Since URTIs represent a significant cause of antibiotic overuse contributing to the development of antibiotic resistance, interventions aiming to optimize antibiotic use should target pediatric clinical practice (1, 2, 4, 16, 20, 21) . Factors leading to antimicrobial misuse in children are complex, involving both parental and physician beliefs as well as daily practice constraints (3, 9, 10) . It is unclear whether the driving force of antibiotic misuse involves parental pressure or pediatricians' advice (9, 13) . The results of a comprehensive intervention program aiming to reduce antibiotic misuse in children with URTIs in Cyprus are described here.
A pretested questionnaire previously developed by our team was distributed in both Larnaca (Cyprus) and Limassol (Cyprus) in 2006 (14, 17) . The knowledge, attitudes, and practices (KAP) questionnaire included demographic data and was structured in three main sections, which measured the knowledge (section A), attitudes (section B), and practices (section C) of parents regarding antibiotics use in URTIs of their children. Concurrently, a network including pediatricians and pharmacists practicing in these areas was established.
Pediatricians from both districts (17 from Larnaca and 16 from Limassol) completed a previously described KAP questionnaire addressing antibiotic consumption in children with URTIs (17). To document the incidence of URTI-associated morbidity, pediatricians prospectively collected data during the winter season (1 November 2005 to 31 March 2006). Weekly reports on URTIs were sent by fax. To increase compliance, whenever a pediatrician failed to fax the report, he/she was reminded by phone. During the same period, participating pharmacists provided monthly data on prescriptions filled for antibiotics in suspension formulation. Almost all pharmacies in Cyprus uphold electronic records of prescriptions filled, and therefore, accurate data collection was achievable. Quantities of antibiotics were expressed by using the daily defined dose (DDD) system. The index of consumption/ URTI incidence (CU index) was calculated, and this provided an objective method to compare antibiotic uses between the two districts under survey. Monthly CU indexes were computed (November to March).
Once KAP questionnaires were evaluated, intervention targeting both parents and pediatricians took place in the Larnaca area. Limassol served as a control district. In May 2007, all (n ϭ 17) practicing pediatricians attended a 1-day workshop on antibiotic misuse in children with URTIs. Investigators provided lectures on antibiotic use in children with URTIs and provided therapeutic algorithms. Epidemiologic data on antimicrobial resistance from Cyprus and Europe were presented. A psychologist discussed issues regarding the power of the subconscious in providing therapy.
To educate parents, a campaign utilizing multiple tools was organized throughout the Larnaca area during winter season of 2006-2007. Education focused on areas depicted after the KAP questionnaires were analyzed (phase A, 778 and 716 from Larnaca and Limassol, respectively) (17) . Parental organizations were reached. Invitations to participate in educational lectures (n ϭ 9) given by local pediatricians were distributed. Instructive pamphlets were distributed to parents at pediatric offices and emergency rooms. An educational video was shown in waiting rooms. Finally, a 30-min discussion was broadcasted through the radio and an article was published in the local newspaper.
Postintervention, the same KAP questionnaires were distributed to parents and pediatricians in Larnaca. With the same methodology, during the next winter season, (1 November 2007 to 31 March 2008), pediatricians and pharmacists from both districts under study were asked to monitor the URTI-associated morbid-ity and antibiotic consumption (DDDs), respectively. New CU indexes were computed for both districts.
Statistical analysis was performed using Epi Info (version 3.4.3; CDC, Atlanta, GA) and SPSS (version 15.0; Chicago, IL) software. A chi-square test or Fisher's exact test was used to compare qualitative variables. The Mann-Whitney test was used for quantitative variables providing also the interquartile ranges (IQRs) of CU indexes. For pediatricians' KAP questionnaires, the Wilcoxon test was applied for quantitative data, and the McNemar test was applied for qualitative data. A P value less than 0.05 was considered statistically significant.
The preintervention knowledge, attitudes, and practices of both parents and pediatricians in Larnaca and Limassol have been previously presented, and overall no significant differences were found (17) . The demographics are similar in the two districts (17) . Pediatricians from the two districts did not differ in relation to age, country where they were trained, years in clinical practice, or having a pediatric subspecialty. More importantly, KAP test results indicated similar levels of knowledge, attitudes, and practices (17) . Postintervention, 840 questionnaires were distributed to parents of children attending the preselected schools in Larnaca. The response rate was similar to that of the preintervention study (76.8% preintervention versus 77.4% postintervention). Parents' demographics were similar to those of the preintervention participants, but more parents reported urban residence (68.3% preintervention versus 73.2% postintervention; P ϭ 0.043). Answers given to all sections did not differ compared to those given in the preintervention period.
During the postintervention period, only 13/17 pediatricians practicing in Larnaca returned their KAP questionnaires. No significant differences between the answers provided by the pre-and postintervention groups were noted.
A network of 33 pediatricians practicing in both districts (27 in private practice and 6 in ambulatory care) participated in this study. During the pre-and postintervention periods, 58,332 (64.5% URTI-related) and 56,082 (62.7% URTI-related) pediatric office visits were recorded, respectively. Detailed results on URTI visits by diagnosis as well as antibiotic consumption and the index of consumption/URTI incidence (CU index) are shown in Table 1 . The antibiotic consumption and calculated CU index in Larnaca were significantly reduced postintervention (Table 1 and Fig. 1 ). Limassol had a higher CU index during the preintervention period than Larnaca (P ϭ 0.008), and no statistically significant changes were observed during the study (control district). In Larnaca, the observed reduction concerned oral cephalosporins and macrolides but not beta-lactam antibiotics (amoxicillin or amoxicillin-clavulanic acid) (data not shown).
Study results indicate that antibiotic consumption in children with URTIs was significantly reduced postintervention. Although similar studies have been published, in this study, the impact of intervention applied was evaluated by concurrently examining changes in the antibiotic consumption and in KAP of parents and health professionals in both Larnaca (study area) and Limassol (control area) (5, 15, 18, 21) . These two districts are located next to each other (37 miles apart) and have similar demographics (17) . Although not expected, the calculated CU index during the preintervention period was significantly lower in Larnaca district, emphasizing the value of objective methodology. Furthermore, the CU index was significantly further reduced postintervention, while there was no statistically significant change in Limassol (control area). Notably, although macrolide and cephalosporin consumption decreased, there was no increase in amoxicillin or broad-spectrum antibiotics observed. Although this is similar to other studies, recently an increase in broad-spectrum-antibiotic prescriptions for otitis in children Ͻ5 years old was reported (7, 11, 15) .
Since the intervention program targeted both pediatricians and parents, the individual effect of each approach cannot be appreciated. As parental responses given to the KAP questionnaire did not change, one could hypothesize that the results of this intervention are related to the educational program targeting health professionals. Similarly, many intervention programs found that parental education alone had little effect on antibiotic consumption (5, 19) . However, in a recent randomized controlled study in United Kingdom, although the use of an interactive booklet about childhood respiratory tract infections did not decrease reconsultations, it reduced antibiotic prescriptions (6). Unfortunately, too few pediatricians returned their questionnaires postintervention to detect any changes in their KAP. In Cyprus, as in other Mediterranean countries, children's primary care is provided by private pediatricians. The analysis of parental KAP questionnaires indicated that parents have a trusted relationship with their primary care physician and that antibiotic overuse in Cyprus is not overtly driven by parental pressure (17) . In contrast, pediatricians report that 60% of parents directly ask for antibiotics. During the preintervention period, pediatricians practicing in the Larnaca area seemed more pressured by parents to administer antibiotics than those practicing in Limassol (17) . This observation, coupled with the lower CU index in this area before intervention, may indicate that pediatricians practicing in Larnaca were less likely to overuse antibiotics in children with URTIs. However, due to the small number of pediatricians practicing in these areas, no differences in KAP questionnaires were identified. One could postulate that during the postintervention period, pediatricians practicing in Larnaca, being aware of the educational campaign on antibiotic misuse that took place in their district, felt confident in withholding antibiotics, suggesting that interventions need to concurrently target parents and pediatricians in order to be effective. It would be interesting to examine whether the effects of these interventions would impact antibiotic consumption in the future, when pediatricians would fear that new parents are less educated. Furthermore, these results indicate that educational intervention may decrease antibiotic consumption even in areas where health professionals are perceptive. The absence of a direct association between URTIs and antibiotic prescription is a limitation. This would have enabled us to compute the percentages of visits resulting in antibiotic administration and antibiotic consumption by diagnosis made. However, our methodology included an active surveillance system in which pediatricians reported URTI visits and concurrently pharmacists recorded oral suspension sales, providing objective measurement of both morbidity and antibiotic consumption. Since the same methodology was implemented throughout the study in both districts, results and conclusions likely are valid.
In conclusion, by using two neighboring areas and implementing educational intervention in one, we were able to illustrate the impact of such campaigns on the antibiotic consumption in children with URTIs. Our data suggest that in countries where health services are anthropocentric, educational efforts need to be multifaceted but should target primarily health professionals.
